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LIQUID CRYSTAL DISPLAY DEVICE 



Technical Field 

The present invention relates to a liquid crystal display device, and more 
5 particularly to a liquid crystal display device capable of intiproving a display 
characteristic and a viewing angle as well as visibility in a reflection mode. 

Background Art 

An electronic display device plays an important role in this age of an 

10 information-oriented society, and various kinds of electronic display devices are widely 
used in various industrial fields. 

As a semiconductor technique makes great strides, solidification of various 
electronic devices wiUi low driving voltage, low power consumption, light weight and 
compact size has been achieved. Jn this regard, there is required to fabricate a slimmer 

15 and lighter flat-panel lype display device having low driving voltage and low power 
consumption adapted for new industrial environment. 

Among presently developed display devices, a liquid crystal display device 
has a slimmer and lighter structure with low power consumption and low driving 
voltage, so it is widely used in various electronic appliances. 

20 The liquid crystal display device is classified into a transmissive type liquid 

crystal display device, a reflective type liquid crystal display device and a 
reflective-transmissive type liquid crystal display device depending on a light source as 
used. The transndssive type liquid crystal display device displays an image by using a 
light g^^ating section positioned at a rear portion of a liquid crystal cell and the 

25 reflective type liquid crystal display device displays an image by using natural light In 
addition, the reflective-transmissive type liquid crystal display device uses a light 
source accommodated in a display device when displaying an image in a room or in a 
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place where an external Ught source is not provided (transmissive mode). If external 
light is sufficiently provided, the reflective-transinissive type liquid crystal display 
device displays an image by reflecting light incident from the external light source 
(reflective mode). 

5 The reflective-transmissive liquid crystal display device includes a liquid 

crystal display panel having a first substrate, a second substrate opposite to the first 
substrate and a liquid crystal layer interposed between the first and second substrates, 
and a light generating section positioned at a rear portion of the liquid crystal display 
panel. 

10 The first substrate includes a transparent electrode and a reflection electrode 

connected to a thin fihn transistor (hereinafter, referred to TFT). Light radiated into the 
first substrate from the light generating section passes through the transparent electrode. 
The reflection electrode reflects li^t incident through the second substrate. That is, a 
transmissive region only exists in the transparent electrode. The other parts of the first 

15 substrate act as a reflection region for reflecting Ught incident through the second 
substrate. 

In addition, the second substrate includes a color filter consisting of RGB 
pixels, which generate predetermined colors when light passes therethrough, an 
intercepting layer for preventing light from being leaked between pixels, and a common 
20 electrode. 

In addition, first and second polarizing plates are attached to outer portions of 
the first and second substrates, respectively, in order to allow external light to 
constantly pass through the first and second substrates depending on an aligning 
direction of the liquid crystal layer. The first and second polarizing plates are arranged, 
25 such that polarizing axes thereof are vertically positioned to each other. 

A first 1/491 phase-difiference plate is disposed between the first substrate and 
the first polarizing plate, and a second phase-difference plate is disposed between 
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the second substrate and the second polarizing plate. The first and second 1/4A, 
phase-difference plates change linear polarized light into circular polarized light or vice 
versa by applying a phase difference of VAX to two polarizing components, which are 
parallel to optical axes of the first and second VAX phase-difference plates and vertical 
5 to each other. 

However, according to the conventional reflective-transniissive type liquid 
crystal display device, there is required to attach a broadband MAX phase-difference 
plate to the first and second substrate, respectively, to cover the polarizing plate as well 
as a visible ray area, so nMnufacturing cost thereof increases as coiiq)ared with that of 
10 the transmissive type liquid crystal display device. In addition, light transmittance of 
the conventional reflective-transntiissive type liquid crystal display device is lower than 
that of the transmissive type liquid crystal display device in the transmissive mode so 
the contrast ratio (C/R) tiiereof will be lowered. 

Furthermore, And of the liquid crystal layer in the conventional 
15 reflective-transmissive type liquid crystal display device is smaller than And of the 
liquid crj^tal layer in the transmissive type liquid crystal display device, so there is 
required to reduce a gap (d) of the liquid crystal cell and a refiractive-index anisotropy 
(An) of liquid crystal. Accordingly, not only is the manufacturing process of the 
conventional reflective-transmissive type liquid crystal display device difficult, but also 
20 the reliability of liquid crystal is lowered. 

For this reason, a recently used reflective-transmissive type liquid CTjratal 
display device adopts a structure capable of reflecting or transmitting light firom an 
exterior of the liquid panel while using the liquid crystal display panel of the 
transmissive type liquid crystal display device. That is, the recently used 
25 reflective-transmissive type liquid crystal display device includes a semi-transmissive 
sheet, which allows a part of light incidaat between the liquid crystal display panel and 
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the light generating section to transmit therethrough and reflects the remaining part of 
light 

However, the above structure represents inferior visibility and front reflection 
characteristic in the reflective mode. That is, in flie reflective mode, light incident 
5 through the first substrate is specularly reflected at the semi-transmissive sheet, so 
visibility of ligjit is deteriorated and the viewing angle thereof becomes narrow. 

Disclosure of the Invention 

The present invention provides a liquid crystal display device capable of 
10 improviQg a display characteristic and a viewing angle as well as visibility in a 
reflection mode. 

In one aspect of the invention, there is provided a liquid crystal display device 
comprising: a light generating section to generate first light; a polarizing member 
disposed on the light generating section so as to generate third light by polarizing and 

15 diEEusing first light; and a liquid crystal display panel disposed on the polarizing 
member to display an image by using Ihird light and including a first substrate, a 
second substrate opposite to the first substrate and liquid crystal interposed between the 
first and second substrates. 

In another aspect, there is provided a liquid crystal display device comprising: 

20 a light generating section to generate first light; a semi-transmissive fihn disposed on 
the light generating section in order to allow first light to pass theretibrough and to 
partially reflect second light directed in opposition to first light; a polarizing member 
disposed on the semi-transmissive fihn so as to generate fifth light by polarizing and 
diflfiising first light and to generate sixth light by polarizing and dififiising second light; 

25 and a liquid crystal display panel disposed on the polarizing member to display an 
image by selectively receiving fififli light or sixth light and including a first substrate, a 
second substrate opposite to the first substrate and Uquid crystal int^posed between the 
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&st and second substrates. 

According to the liquid crystal display device of the present invention, the 
semi-transmissive fihn is positioned between the light generating section and the Uquid 
crystal display panel in order to partially transmit or reflect light supplied from an 
5 exterior light source. In addition, the polarizing plate, one surface of which is anti-glare 
treated, is positioned between the Kquid crystal display panel and the semi-transmissive 
film. Thus, the display characteristic and viewing angle of the liquid crystal display 
device may be improved, and reflectivity of Ught in the reflection mode may be 
increased, so that visibility is improved. 

LO 

Brief Description of the Drawings 

The above and other advantages of the present invention will become 
readily apparent by reference to the following detailed description when considered 
in conjxmction with the accompanying drawings wherein: 
15 FIG. 1 is a sectional view showing a transmissive ^e liquid crj^tal 

display device according to one embodiment of the present invention; 

FIG. 2 is a sectional view showing a reflective-transmissive type liquid 
crystal display^evice according to one anbodiment of the present invention; 

FIG. 3 is a detailed view of a liquid crystal display panel shown in FIG. 2; 
20 FIG. 4is a detailed view of a semi-transmissive film shown in FIG. 2; 

FIG. 5 is a detailed view of a polarizing member shown in FIG. 2; 
FIG, 6 is a sectional view showing a polarizing member used m a 
reflective^^msmissive type liquid crystal display device according to another 
embodiment of the present invention; 
25 FIG S. 7A and. 7B are views for illustrating an operation principle of a 

reflective mode in a reflective-transmissive type liquid crystal display device shown 
in FIG. 2; and 
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FIGS. 8A and 8B are views for illustrating an operation principle of a 
transmissive mode in a reflective-transmissive type liquid crystal display device 
shown in FIG- 2. 

5 Best Mode For Carrying Out the Invention 

FIG. 1 is a sectional view showing a transmissive type liquid crystal 
display device 500 accordiag to one embodiment of the present invention. 

Referring to FIG. 1, the transmissive type liquid crystal display device 500 
of the present invention includes a light generating section 100, a liquid crystal 
10 display panel 200, a first polarizing plate 300 and a second polarizing plate 400. 

The light generating section 100 generates first light LI. The light 
generating section 100 is aligned at a rear portion of the liquid crystal display panel 
200 in order to radiate first light LI towards the liquid crystal display panel 200. 

The liquid crystal display panel 200 includes a first substrate 210, a second 
15 substrate 220 opposite to the first substrate 210 and a liquid crystal layer 230 
interposed between the first and second substrates 210 and 220. 

As shown in FIG. 3, the first substrate 210 includes a first glass substrate 
211. A TFT 212 that acts a switching device and a transparent electrode 213 
comprised of conducive oxide layer, for example, such as indium-tin-oxide 
20 (hereinafter, referred to ITO), are formed on the first glass substrate 21 1 . In addition, 
the second substrate 220 includes a second glass substrate 221. A color filter 222 
including RGB color pixels, an intercepting layer 223 for preventing light firom 
being leaked between pixels, and a common electrode 224 comprised of ITO and 
disposed on the color filter 222 and the intercepting layer 223 are formed on the 
25 second glass substrate 221. The first and second substrates 210 and 220 are arranged 
such that the transparent electrode 213 faces the common electrode 224. 

The liquid crystal layer 230 is formed by using twisted nematic (TN) liquid 
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crystal composition, which is twisted at a right angle. 

The first and second polarizing plates 300 and 400 allow light to constantly 
pass through the first and second substrates depending on an aligning direction of 
the liquid crystal layer 230. In detail, tibie first polarizing plate 300 opposite to the 

5 second substrate 220 is disposed on an upper surface of the liquid crystal display 
panel 200 and the second polarizing plate 400 opposite to the first substrate 210 is 
disposed on a lower surface of the liquid crystal display panel 200. The first and 
second polarizing plates 300 and 400 absorb a part of polarizing components of light 
and allow remaining polarizing components of light to transmit therethrough, 

10 thereby constantly maintaining a transmitting direction of light. The first and second 
polarizing plates 300 and 400 are arranged such that polarizing axes thereof are 
vertical to each other. 

The second polarizing plate 400 includes a polarizing layer 410 and a 
light-diffusing layer 420. The light-diffiising layer 420 faces the light generating 

15 section 100 and diffuses first light LI so as to generate second light L2. The 
polarizing layer 410 is disposed on the light-diffusing layer 420 in opposition to the 
first substrate 210. The polarizing layer 410 polarizes second light L2 in order to 
generate third light L3. The light-diffusing layCT 420 has a haze value above 20%. 

As shown in FIG. 5, the Ught-diffusing layer 420 includes a coating 

20 member 421 coated on one side of the polarizing layer 410 and a scattOTng member 
422 mixed with the coating member 421. The coating member 421 is comprised of 
acryl-based resin and the scattering member 422 is comprised of silica particles. 

Therefore, first light LI radiated from the light generating section 100 is 
polarized and diffused by means of the second polarizing plate 400 disposed 

25 between the liquid crystal display panel 200 and the light generating section 100 
before it is supplied to the liquid crystal display panel 200. That is, the 
li^t-diffusing layer 420 of the second polarizing plate 400 diffiises first light LI so 
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as to generate second light L2, and the polarizing layer 410 polarizes second light 

L2 in order to generate third light L3. 

Then, third light L3 incident into the liquid crystal display panel 200 

passes Ihrough the liquid crystal layer 230, so that fourth light L4 including image 
5 information is generated. Thus, the transmissive type liquid crystal display device 

500 is operated. In this case, the viewing angle of the transmissive type liquid 

crystal display device 500 may be improved. 

The second polarizing plate 400 may include the light-difiusing layer 420 

opposite to the first substrate 210 and the polarizing layer 410 opposite to the light 
10 generating section 100. lii this case, first light LI radiated firom the light generating 

section 100 is polarized through the polarizing layer 410 and diffused by means of 

liie light-diflEusing layer 420. The second polarizing plate 400 polarizes first light LI 

by using the polarizing layer 410 and diffuses first light LI by using the 

light-difiusing layer 420, thereby generating third light L3. 
15 FIG. 2 is a sectional view showing a reflective-transmissive ^e liquid 

crystal display device 700 according to another embodiment of the present invention. 

FIG. 3 is a detailed view of a liquid crystal display panel shown in FIG. 2. 

Referring to FIG. 2, the reflective-transmissive type liquid crystal display 

device 700 includes a light generating section 100, a liquid crystal display panel 200, 
20 a semi-transmissive fihn 600, a first polarizing plate 300 and a second polarizing 

plate 400. 

The light graierating section 100 generates first light LI. The light 
generating section 100 is disposed at a rear portion of the liquid crystal display panel 
200 m order to radiate first light LI towards the liquid crystal display panel 200. 
25 The liquid crystal display panel 200 includes a first substrate 210, a second 

substrate 220 opposite to the first substrate 210, and a liquid crystal layer 230 
interposed between the first and second substrates 210 and 220. 
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As shown in FIG. 3, the first substrate 210 includes a first glass substrate 
211 on which a TFT 212 and a transparent electrode 213 including ITO are formed 
at an upper surface thereof. The second substrate 220 includes a second glass 
substrate 221. A color filter 222 including RGB color pixels, an intercepting layer 
5 223 for preventing light fi-om bemg leaked between pixels, and a conunon electrode 
224 including ITO and disposed on the color filter 222 and the intercepting layer 
223 are formed on the second glass substrate 221. The first and second substrates 
210 and 220 are arranged such that the transparent electrode 213 faces the conmion 
electrode 224. 

10 The liquid crystal layer 230 is formed by using twisted nematic (TN) liquid 

crystal composition, which is twisted at a right angle. 

FIG. 4 is a detailed view of the semi-transmissive fihn 600 shown in FIG. 

2. 

Referring to FIGS. 2 and 4, the semi-transmissive film 600 is disposed 
15 between the light generating section 100 and the liquid crystal display panel 200. 
The semi-transmissive fihn 600 includes two transparent fihns having a refiractive 
index different firom each other. That is, a first layer 610 and a second layer 620 are 
alternately stacked on the semi-transmissive film 600. The semi-transnaissive film 
600 reflects a part of incident light and allows the remaining of incident light to 
20 transmit therethrough. 

On the assumption that a vertical direction of the semi-transmissive film 
600 is a z-direction and a lateral surface of the semi-transmissive film 600 is an x-y 
surface, the first layer 610 has a refractive-index anisotropy in the x-y surface 
thereof, and the second layer 620 has no refractive-index anisotropy in the x-y 
25 surface thereof Accordingly, the semi-transmissive film 600 has an anisotropic 
characteristic, which represents that transmittance and refractive index of the 
semi-transmissive film 600 are differentiy formed depending on the polarizing state 
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and direction of incident light. 

If the refractive index of the first and second layers 610 and 620 is same to 
each othCT in the x and z-directions and diflFerent from each other in the y-direction, 
when non-polarized light is incident in the vertical direction (z-direction) of the 

5 semi-transmissive film 600, polarizing components of the x-direction pass through 
the senri-transmissive film 600 and polarizing component of the y-direction is 
reflected from the semi-transmissive film 600 according to Fresnel's equation. An 
example of a birefiingent dielectric multi-layer having the above characteristic is a 
DBEF (dual brightness enhancement film) available from 3M company 

10 The DBEF has a multi-layered structure, in which two thin films made of 

different material are altemately stacked in hundreds of layers. That is, a 
polyethylene naphthalate layer having a high birefringence and a polymethyl 
methacrylate (PMMA) layer having an isotropic structure are altemately stacked one 
upon another, thereby forming the DBEF. Naphthalene radical has a planar stmcture, 

15 so the polyethylrae naphthalate layer is easily stacked to each other. The refractive 
index in tiie stacking direction of the polyethylene naphthalate layer is remarkably 
different from the refractive index in the other directions. On the contrary, PMMA, 
which is amorphous high-polymer, is isotropically aligned so the PMMA layer has 
the same refractive index in all directions thereof. 

20 As described above, the DBEF of 3M company allows polarizing 

components of the x-direction to transmit therethrough and reflects polarizing 
components of the y-direction. The x-direction is parallel to the first polarizing plate 
300 and the y-direction is parallel to the second polarizing plate 400. 

Referring again to FIG. 2, the first polarizing plate 300 opposite to the 

25 second substrate 220 is disposed on an upper surface of the liquid crystal display 
panel 200, and the second polarizmg plate 400 opposite to the first substrate 210 is 
disposed between the semi-transmissive film 600 and the liquid crystal display panel 

10 
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200, The fest and second polarizing plates 300 and 400 absorb a part of polarizing 
components of light and allow remaining polarizing components of light to transmit 
fherelhrough, thereby constantly maintaining a transmittmg direction of light The 
first and second polarizing plates 300 and 400 are arranged such that polarizing axes 
5 thereof are vertical to each other. 

FIG. 5 is a detailed view of the second polarizing plate 400 shown in FIG. 

2. 

Referring to FIGS. 2 and 5, the second polarizing plate 400 includes a 
polarizing layer 410 and a light-diffusing layer 420. The light-dtEEusing layer 420 

10 faces the semi-transmissive film 600. The Ught-diffusing layer 420 dijBEuses first 
ligjit LI radiated firom the light generating section 100 so as to generate third light 
L3 in the transmissive mode. Also, the light-dijffusing layer 420 diffuses second light 
L2, which is natural light suppUed firom an exterior, in order to generate fourth light 
L4 in the reflective mode. The polarizing layer 410 is disposed on the light-diffusing 

15 layer 420 in opposition to the first substrate 210. The polarizing layer 410 polarizes 
third light L3 and fourth light L4 in order to generate fifth light L5 and sixth light L6, 
respectively. The light-difiusing layer 420 has a haze value above 20%. 

The light-diffusing layer 420 is formed through performing an anti-glare 
(AG) treatment with respect to one surface of the polarizing layer 410. In detail, the 

20 light-diffusiag layer 420 includes a coating member 421 and a scattering member 
422 mixed witiii the coating member 421. The coating member 421 is comprised of 
acryl-based resin and the scattering member 422 is comprised of silica particles. 

FIG. 6 is a sectional view showing a second polarizing plate 400 used in a 
reflective-transmissive type liquid crystal display device according to another 

25 embodiment of the present invention. 

Referring to FIG. 6, the second polarizing plate 400 includes the 
light-diffusing layer 420 opposite to the first substrate 210 and the polarizing layer 
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410 Opposite to the semi-transmissive film 600. In the transmissive mode, the 
second polarizing plate 400 polarizes first light LI radiated firom the Ught generating 
section 100 by means of the polarizing layer 410 and diffuses first light LI by means 
of the light-diffusing layer 420, thereby supplying first light LI to the liquid crystal 

5 display panel 200. In the reflective mode, the second polarizing plate 400 polarizes 
second light L2 supplied fi-om the exterior by means of the polarizing layer 410 and 
diffuses second light through the light-diffusing layer 420, thereby supplying second 
light L2 to the liquid crystal display panel 200. 

Referring again to FIG. 2, the reflective-transmissive type liquid crystal 

10 display device 700 includes a transmitted light route T and a reflected light route R. 
The transmitted light route T outputs first light LI by way of the second polarizing 
plate 400, the liquid crystal display panel 200 and the first polarizing plate 300 after 
transmitting first light L, which is forwarded to the first substrate 210 firom the light 
generating section 100, tittrough the semi-transmissive fihn 600. In addition, the 

15 reflected light route R receives second light L2 firom the exterior through the first 
substrate 210 and outputs second light L2 by way of the second polarizmg plate 400, 
the liquid crystal display panel 200 and the first polarizmg plate 300 after reflectmg 
second light L2 at tiie semi-transmissive film 600. 

In detail, first light LI passing through the liquid crystal display panel 200 

20 is partially reflected from the semi-transmissive film 600 m the reflected light route 
R. First Ught LI is polarized and diffused by means of the second polarizing plate 
400 disposed between the liquid crystal display panel 200 and the sani-transmissive 
film 600 before first li^t LI is again incident into the liquid rarystal display panel 
200. That is, the light-diffusing layer 420 of the second polarizing plate 400 diffuses 

25 fast light LI, which is specularly-reflected fi^om the semi-transmissive film 600 so 
that it has a narrow viewmg angle, thereby generating fourth light L4 having an 
improved viewing angle. Then, fourth light L4 is mcident into the polarizing layer 
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410 of the second polarizing plate 420. Fourth light L4 is polarized by means of the 
polarizing layer 410, so that sixth light L6 is generated. 

Then, sixth light L6 is iQcidait into the liquid crystal display panel 200 and 
passes through the liquid crystal layer 230. While passing through flie liquid crystal 

5 layer 230, tiie polarizing state of sixth light L6 is varied, so that eighth light L8 is 
generated. Eighth light L8 is incident into the first polarizing plate 300 and polarized 
by means of the first polarizing plate 300, thereby generating tenth light LIO. Thus, 
the reflective-transmissive type liquid crystal display device 700 is operated in the 
reflective mode. The reflective-transmissive type liquid crystal display device 700 

10 may improve reflectivity of light in the reflective mode, thereby improving the 
visibility and viewing angle of light. 

In the transmitted light route T, first light LI radiated firom the light 
generating section 100 is supplied into the liquid crystal display panel 200 while 
passmg through the semi-transmissive film 600. Fkst light LI is polarized and 

15 diffused by means of the second polarizing plate 400 disposed between the liquid 
oystal display panel 200 and the semi-transmissive film 600 before it is supplied 
into the liquid crystal display panel 200. That is, the light-diffusing layer 420 of tiie 
second polarizing plate 200 diffiises first light LI, thereby generating third light L3 
having an improved viewing angle, and the polarizing layer 410 polarizes third light 

20 L3, thereby generating fifth light L5. 

Then, fifth light L5 is incident into the liquid crystal display panel 200. 
The polarizing state of fifth light L5 is varied by means of the liquid crystal display 
panel 200, so that seventh light L7 is generated. Seventh light L7 is polarized by 
means of the first polarizing plate 300, so that ninth light L9 is generated. Thus, the 

25 reflective-transmissive type liquid crystal display device 700 is operated m the 
transmissive mode. The reflective-transmissive type liquid crystal display device 
700 may improve the viewing angle of light in the transmissive mode. 

13 
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The light-difiusing layer 420 of the second polarizing plate 400 prevents 
the Moir6 phenomenon, which is created when a pattern of the semi-transmissive 
film 600 is projected onto a screen of the reflective-transmissive type liquid crystal 
display device 700. 

5 Hereinafter, an experimental example achieved by using the 

reflective-transmissive type liquid crystal display device 700 and comparative 
examples 1 to 3 will be explained to compare the Moir6 phenomenon, reflectivity, 
visibility, and viewing angle thereof with each other. 

In the experimental example, the reflective-transmissive type liquid crystal 

10 display device 700 includes an anti-glare treated second polarizing plate 400 and a 
hard-coated first polarizing plate 300. In comparative example 1, hard-coated first 
and second polarizing plates are used. In comparative example 2, an anti-glare 
treated first polarizing plate and a hard-coated second polarizing plate are used. In 
addition, anti-glare treated first and second polariziag plates are used in comparative 

15 example 3. 

Acryl-based resia mixed with sUica particles is coated on the polarizing 
plate through the anti-glare treataient, and acryl-based resin is coated on the 
polarizing plate through the hard-coating process. 
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As shown in table 1, comparative example 1, in which the first and second 
polarizing plates are subject to hard-coating process without being subject to the 
anti-glare treatment, represents superior visibility in the transmissive mode. 

5 However, the Moir^ phenomenon is strongly represented in comparative example 1 
as compared with those of the experimental example and comparative examples 2 
and 3, in which one of the first and second polarizing plates is anti-glare treated, in 
addition, reflectivity of comparative example 1 is lower than those of the 
experimental example and conaparative examples 2 and 3, so normal visibility is 

10 represented in the reflective mode. 

Comparative example 2, in which the first polarizing plate is subject to tiie 
anti-glare treatment and the second polarizing plate is subject to the hard-coating 
process, represents the Moire phenomenon weaker than that of comparative example 
1 and superior visibility in the transmissive mode. In addition, comparative example 

15 2 represents reflectivity higher than that of comparative example 1. However, 
although reflectivity of comparative example 2 is higher than that of comparative 
example 1, reflectivity of comparative example 2 is derived from light reflected 
firom the first polarizing plate, which includes light reflected before it passes through 
the liquid crystal layer. Accordingly, although reflectivity of comparative example 2 

20 is higher than those of comparative example 1 and the experimental example, 
comparative example 2 represents inferior visibility in the reflective mode. 

Comparative example 3, in which the first and second polarizing plates are 
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subject to the aati-glare treatment, does not create the Moire phenomenon, with 
representing superior visibility in the transmissive mode. Comparative example 3 
represents reflectivity higher than that of comparative example 1. However, as the 
same as comparative example 2, reflectivity of comparative example 3 is derived 
5 from ligiht reflected from the first polarizing plate, which includes light reflected 
before it passes through the liquid crystal layer. Accordingly, although reflectivity of 
comparative example 3 is higher than those of comparative example 1 and the 
experimental example, comparative example 3 represents inferior visibility in the 
reflective mode. 

10 The experimental example, in which the first polarizing plate is subject to 

the hard-coating process and the second polarizing plate is anti-glare treated, does 
not create the Moir6 phenomenon with representing superior visibility in the 
transnaissive mode. In addition, the experimental example represents reflectivity 
higher than that of comparative example 1 and lower than those of comparative 

15 examples 2 and 3. However, reflectivity of the experimental exanoqple is derived 
from light, which has transmitted through the liquid crystal layer thereby obtaining 
image information, so the experimental example represents superior visibility in the 
reflective mode as compared with visibility of comparative examples 2 and 3. 
Reflectivity of the experimental example increases as compared with reflectivity of 

20 comparative example 1 about 18%, so the experimental example represents visibility 
superior than that of the comparative example 1 in the reflective mode. 

Hereinafter, an operation principle of the reflective-transmissive type 
liquid crystal display device 700 in the reflective mode and the transmissive mode 
will be explained. 

25 FIGS. 7 A and 7B are views for illustrating tiie operation principle of the 

reflective mode in the reflective-transnaissive type liquid crystal display device. 

Referring to FIG. 7A, when pixel voltage is applied to the liquid crystal 



16 



wo 2004/031845 



PCT/KR2003/001983 



layer in the reflective mode, light supplied from the exterior is linearly polarized in 
parallel to a polarizing axis thereof by passing through the first polarizing plate 300. 
Linearly polarized light passes through the liquid crystal layer 230 and the 
transparent electrode 213 so that light is again linearly polarized in a direction 

5 vertical to the polarizing axis of the first polariziag plate 300 and is incident into the 
semi-transmissive film 600. The polarizing axis of the first polarizing plate 300 is 
vertical to the polarizing axis of the second polarizing plate 400, so light incident 
into the second polarizing plate 400 is parallel to the polarizing axis of the second 
polarizing plate 400. Accordiagly, a part of light, which is linearly polarized in 

10 parallel to the polarizing axis of the second polarizing plate 400 passes through tihie 
semi-transmissiye fihn 600 and the remaining part of light is reflected from the 
semi-transmissive film 600. 

Linearly polarized light, which is specularly-reflected from the 
senri-transmissive fihn 600, is diflaised by means of the light-difiEusing layer 420 of 

15 the second polarizing plate 400 and linearly polarized by means of the polarizing 
layer 410, so that light having improved viewing angle is outputted. In addition, 
dijSEused and linearly polarized light passes through the transparent electrode and the 
liquid crystal layer 230. Since the liquid crystal layer 230 is aligned depending on 
pixel voltage applied thereto, the polarizing state of diffused and linearly polarized 

20 light is varied while passing through the liquid crystal layer 230. Therefore, light is 
linearly polarized in a direction parallel to the polarizing axis of the first polarizing 
plate 230, and then passes through the first polarizing plate 300, thereby displaying a 
white image. 

As shown in FIG. 7B, when pixel voltage is not applied to the liquid 
25 crystal layer in the reflective mode, light suppUed from the exterior passes through 
the first polarizing plate 300 and is linearly polarized in a direction parallel to the 
polarizing axis of the first polarizing plate 300. Since pixel voltage is not appUed to 
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the liquid crystal layer 230, linearly polarized light passes through the liquid crystal 
layer 230 without varying the polarizing state of linearly polarized light and is 
incident into the semi-transmissive film 600. Linearly polarized light is selectively 
reflected fi-otn the semi-transmissive film 600 or passes through the 
semi-transmissive film 600 so that light is supplied into the second polarizing plate 
400. Light incident into the second polarizing plate 400 has a direction vertical to 
the polarizing axis of the second polarizing plate 400, so it is absorbed in the second 
polarizing plate 400. 

Therefore, light is not reflected fi-om the semi-transmissive film 600, so a 
black image is displayed. 

FIGS. 8A and 8B are views for illustrating the operation principle of the 
transmissive mode in the reflective-transmissive type liquid crystal display device. 

Referring to FIG. 8A, when pixel voltage is applied to the liquid crystal 
layer in the transmissive mode, light supplied from the light generating section 100 
is incident into the semi-transmissive fiulm 600. The semi-transmissive film 600 
allows polarizing components parallel to the x-axis direction, which are included in 
light parallel to the polarizing axis of the second polarizing plate 400, to be partially 
reflected therefirom or to partially pass therethrough, and reflects polarizing 
components, which are parallel to the y-axis direction. 

Light passtQg through the second polarizing plate 400 by way of the 
semi-transmissive film 600, is difiused by means of the diffusing layer 420 of the 
second polarizing plate 400 so that the viewing angle of light is improved. Then, light 
is linearly polarized in a dhrection parallel to the polarizing axis of the second 
polarizing plate 400 by means of the polarizing layer. That is, light is linearly polarized 
in a direction vertical to the polarizing axis of the first polarizing plate 300. Then, 
diffused and linearly polarized Ught passes through the transparent electrode 213 and 
the liquid crystal layer 230, so that light is again linearly polarized in a direction 
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parallel to the polarizing axis of the first polarizmg plate 300. Since the liquid crystal 
layer 230 is aligned in a predetermined pattern due to pixel voltage applied thereto, the 
polarizing state of dijBEused and linearly polarized light is adjusted by means of the 
liquid crystal layer 230. 

5 Accordingly, light polarized in parallel to the polarizing axis of the first 

polarizing plate 300 by means of the liquid crystal layer 230 passes through the first 
polarizing plate 300, thereby displaying a white image. 

As shoAvn in FIG. 8B, when maximum pixel voltage is not applied to the 
liquid crystal layer in the transmissive mode, light radiated firom the light generating 

10 section 100 is incident into the semi-transmissive film 600. The semi-transmissive film 
600 allows a part of light to pass therethrough and reflects a remakdng part of light 
Li^t passing through the second polarizmg plate 400 by way of the semi-transmissive 
film 600 is diffused by means of light-diffusing layer 420, so that the viewing angle of 
light is improved. Then, light is linearly polarized in a direction parallel to the 

15 polarizing axis of the second polarizing plate 400 by means of the polarizing layer 410. 
That is, light is linearly polarized in a direction vertical to the polarizing axis of the first 
polarizing plate 300. Then, linearly polarized light having the improved viewing angle 
passes through the transparent electrode 213 and the liquid crystal layer 230 without 
varying the polarizing state thereof 

20 Therefore, light, which is linearly polarized in the direction vertical to the 

polarizing axis of the first polarizing plate 300 does not pass through the first polarizing 
plate 300, so a black image is displayed. 

According to the liquid crystal display device of the present invention, the 
semi-transmissive film is positioned between the light generating section and the liquid 

25 crystal display panel in order to partially transmit or reflect light supplied firom Ihe 
exterior. In addition, the polarizing plate, one surface of which is subject to the 
anti-glare treatment, is positioned between the liquid crystal display panel and the 
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semi-transmissive film. 

Therefore, the viewmg angle of the liquid crystal display device may be 
improved and reflectivity of light may be increased in the reflective mode, thereby 
improving visibility. In addition, the present invention may prevent the Moire 
5 ph^omenon, which is caused when a pattern of the semi-transmissive film is projected 
onto a screen of the reflective-transraissive type liquid crystal display device. 

While the present iavention has been described in detail with reference to the 
preferred embodiments thereof, it should be understood to those skilled in the art that 
various changes, substitutions and alterations can be made hereto without departing 
10 firom the scope of the invention as defined by the appended claims. 



